for an accurate, rapid, versatile micromethod for chloride determination attention was focused on the simple but interesting dissimilar electrodes of Clark (1). Cunningham and coworkers (2) adapted these electrodes to measure 0-1 sMol of chloride with an error of less than 1 per cent. The chloride in a solution of sulfuric acid was titrated with standardized silver nitrate. The end point was detected with a sensitive galvanometer which measured the current produced by the dissimilar electrodes when the first excess of silver appeared.
Unfortunately, the time for equilibration after addition of each increment of silver nitrate was 30 seconds, which prolonged the time for an entire analysis.
This problem has been overcome by using a special titrating table which makes equilibrium possible in 2 to 3 seconds after each addition of silver. A special electrical circuit and a Scholander (4) microburet enhance both accuracy and speed (5) .
APPARATUS
The titration table is shown in Fig. 1 (p. 161) . In the center is a motor-driven shaft which rotates at 800 rpm. The top end of the shaft 
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Clinical Chemistry which can be raised or lowered carries the titration vessel. The clamps allow adjustments of the electrodes and buret for positioning. The Scholander microburet (Fig. 2) is adjusted in position so that its tip fits into the titration vessel. When the vessel rotates, the buret and the parallel electrodes act as stirrers to mix effectively the titrating agent and reaction mixture.
The bulb of the buret is elongated so that a 5-mm. layer of carbon tetrachloride can separate the silver nitrate from the mercury in the buret.1 These micrometers (calibrated for 1 in.) are readily available and have major shaft markings from 0 to 10. A 0.1-in, change on the micrometer shaft equals approximately 0.08 ml. In this case, using 0.1 ml. of sample, the buret reading times 100 equals milliquivalents of chloride per liter of sample. In this manner the buret is calibrated to read the chloride concentration directly from the micrometer shaft. Refilling is accomplished by rotating the micrometer shaft counterclockwise while the tip is inserted in the standard AgNO3. When properly prepared, the buret will not allow leakage of air or mercury and will require cleaning no more frequently than once a month. When not in use the tip is placed in distilled water.
The electrodes are pure 16-gage silver wire. A 10-cm. length is melted in a flame in order to form a 2-mm. ball. Those electrodes to be amalgamated are flattened with a blow of a hammer. The "ball" electrodes are cleaned by dipping five times into concentrated nitric acid, rinsed with distilled water, and are stored in the dark in individual test tubes containing distilled water. Aging for 1 hour or more eliminates electrical variability.
The "flat" electrodes are cleaned as described above and amalgamated by dipping five times into a 1-cm. layer of mercury covered with 1.5N HNO3. The excess mercury is wiped from the electrode, the acid is rinsed off with water. The electrode is stored in the dark in a test tube of water. Neither in storage nor in use should the silver and amalgamated electrodes touch, because the silver one will quickly amalgamate and lose its sensitivity and reliability.
A pair of electrodes can often be used for 7 or more days before replacement.
The silver or "ball" electrode is renewed by heating and shaking in acid as described above. The amalgamated or "flat" electrode is renewed by redipping in mercury as described above.
Alternate preparation of electrodes: After shaping the ball electrodes as described, heat to dull red and dip into 50% H2S04 and rinse. The mercury (flat) electrode is amalgamated by immersing it in mercury for 24 hours.
The electrical circuit enclosed in a "control box"2 is shown in Fig.  3 "Zero" chloride standard, 0.1 ml. of chloride standard plus 150 ml. of 0.36N H2SO4; "100" silver standard, 0.1 ml. of AgNO3 standard plus 150 ml. 0.36N H2S04.
METHOD
Measure 0.100 ml of sample (serum, urine cerebrospinal fluid, or other biologic fluid) into a titration vessel and add 1.5 ml. of 0.36N 112S04. Place the vial in its holder on the titration table as shown in Fig. 1 , so that the electrodes and buret tip reach to within 3 mm. of the bottom. Start the vessel rotating and titrate with silver nitrate by turning the micrometer shaft clockwise until the galvanometer reads 50 scale units for at least 15 seconds. The difference of buret readings before and after the titration indicates the quantity of silver nitrate used and is a measure of the chloride in the sample.
The silver nitrate is standardized against the standard chloride. Since there is no blank the buret reading is proportional to chloride in the vial or chloride concentration in the sample. The calculations are made accordingly.
The apparatus is adjusted so that approximately 1.5 ml. of the "zero" standard (rotating) will read 0 on the galvanometer scale. This is accomplished with the bucking potential control (coarse and fine). The zero standard is replaced with the "100" standard and the galvanometer sensitivity control is adjusted so that the galvanometer reads 100. The zero and 100 readings are alternately adjusted until the galvanometer deflections are constant for each standard. The sample or standard is then placed under the electrodes and titrated as described above. No rinsing is required between samples since no excess chloride or silver exists at the end point.
Occasionally the zero will need checking. If the electrodes are unstable, accuracy can be assured by titrating until the galvanometer reads about 25 scale units, exchanging the samples with the zero control to check the zero setting and replacing the sample to resume the titration to the end point (50 scale units).
At this stage, where the titration is interrupted to check the zero setting, no error will be introduced by contamination from electrodes or buret since the titration is approximately 99 per cent complete at this stage. The sensitivity changes infrequently and only needs checking every 10 or 20 titrations.
When the electrodes are satisfactory, the zero setting can be made every one or two titrations.
The method as described measures 10 ,Eq. of chloride (the content of 0.1' ml. of serum). It can be adjusted to measure 1 pEq. (0.01 ml. of serum) by using a smaller reaction volume and a weaker silver nitrate standard.
Dilute samples can be made to 0.36N with concentrated H2S04 and titrated in vials holding up to 10 ml. of sample.
Samples such as muscle can be mixed with 20 parts of 5% Na2CO8, dried and ashed at 600#{176}. The alkaline ash can be dissolved in H2S04 and titrated for chloride. 
EXPERIMENTAL
In order to overcome some of the peculiarities of the dissimilar silver electrodes it was decided to avoid large excesses of chloride or silver ions when adjusting the instrument. A series of titration curves (as shown in Fig. 4) of dilute HCl or of serum indicated that reproducible settings of the galvanometer could be achieved by adjusting the bucking potential to zero with a sample in excess by 0.1 sEq. of chloride in the titration vessel (the equivalent of 1 per cent of the chloride in the sample). Furthermore, the 100 setting was best made with a similar excess of silver ions. 'Using this method of setting the galvanometer the range of the titration was easily set and the end point then became the half scale point. Some of the most variable electrodes were easily managed by this program. Figure 4 shows the titration curves of 0.1 ml. of 0.1N HC1 (100 and 0.1 ml. of serum (100 mEq/l).
In the sulfuric acid supporting electrolyte, both curves are the same, indicating that proteins in the serum have no effect on the titration. This is indeed an asset since deproteinization of serum, spinal fluid, or urine is avoided and direct titrations of these samples can be made. Comparison of the proposed method using 0.05 ml. with that of Wilson and Ball (7) for 25 serums showed a maximum difference of the two methods of 2.0 mEq./l. and a mean difference of 0.10 and the standard deviation of the difference of the pairs is 0.50. The data is given in Table 2 . The mean difference between duplicates in a series of analyses on 25 consecutive serum samples (0.1 ml.) run in the laboratory of the Graduate Hospital of the 'University of Pennsylvania was 0.74 mEq./l., and the standard deviation of the differences of the duplicates was 0.533 mEq./l. The mean difference between duplicates on a similar series run in the chemistry laboratory of Children's Hospital,8 on 0.050-ml. samples, was 0.30 mEq./l. and the standard deviation of the differences of duplicates was 0.33 mEq./l.
The error of the analytic procedure is believed to be less than 0.5% of the chloride content of 0.1 ml. of serum. A sample can be titrated in 1 to 2 minutes with the accuracy and precision cited above. This fea- ture is possible because of rapid equilibration achieved by rotating the titration vessel at 800 rpm.
The method is versatile in that it can be adapted to almost any kind of biologic material from serum to tissues. The method was originally devised to measure chloride in small samples for a special project. It became so useful that it was incorporated into the routine of a busy clinical chemistry laboratory.
It has been in daily use in three laboratories for periods of 1 to 4 years.
SUMMARY
A direct titration procedure for chloride in serum, spinal fluid, urine, and other biologic materials has been described.
It can be applied to tissues. It is recommended for its accuracy, precision, speed, and versatility.
